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ABSTRACT
Outer planet rendezvous and planetary surface exploration missions are often most logically
powered by thermal-to-electric converters with heat supplied from a radioisotope heat source. A
new generation of converters is near technology readiness and soon should be available to provide
spacecraft power. These converters promise up to four fold improvements in power density
(W~g) and a 60% or greater reduction in radioisotope requirement as compared to current
radioisotope thermoelectric generator (RTG) technology. As part of the 1993 Pluto Advanced
Technology Insertion program, high efficiency converters were examined with the goal of reducing
the power source mass and heat source invento~.  Two technologies, the Alkali Metal Thermal-to-
Electric Converter (AMTEC) and Thermophotovoltaic  (TPV) converters, were examined through
short term, hardware focused programs. A small Stirling Engine design was also completed
specifically for the Pluto mission. Projected power system performance, technology development
status, and estimated cost and schedule to completion of development will be reviewed. For
comparison to the advanced technologies, the Pluto Fast FI yby Pre-project 1993 baseline power
source is a small RTG. This RTG is a scaled down GPHS RTG with an inventory of 5 General
Purpose Heat Sources (GPHS), a mass of 15.4 kg, and an output of 70 We after 9 years.

AMTEC research was carried out by the Environmental Research Institute of Michigan (ERIM).
Four, near-prototypic AMTEC  cells were fabricated and tested with each cell including
evolutionaril y improved components and performance. The second of the four cells operated at
10% conversion efficiency at 700°C. The fourth cell operated at an estimated 10% efficiency at
650”C before an external hardware failure forced the end of the test. The cell was projcctcd to
reach 16% efficiency at 750”C.  These are the highest efficiencies yet demonstrated with compact
AMTEC cells. Further improvements in the design are projected that would to lead to an AMTEC
system for the Pluto mission with a reduction of 37% in mass and 60% in heat source inventory
compared to the RTG baseline.

TPV converter experimental research was conducted by the Boeing Defense and Space Group. A
one third scale TPV system was fabricated and tested. This was the first demonstration of an entire
TPV system (exclusive of the radiator) designed for the temperature range achievable by the
GPHS. The system was composed of a GPHS simulating heater, a them~o-optical  cavity, and two
arrays of TPV cells and filters. Up to 13% of the thermal input to individual filter/cell assemblies
was converted to electricity. The “photon recycling” performance of the optical cavity was not as
good as expected resulting in low system performance. Based on the demonstrated performance of
the Boeing TPV cells and filters, JPL designed a TPV system that could meet the needs of the
Pluto mission with a reduction of 28% in mass and 40% in heat source inventory compared to the
RTG baseline. With some performance enhancements now being investigated, these values could
be reduced further.

Stirling converter design was done by NASA Lewis Research Center and is based on their
extensive experience with design and testing of Stirling engines. The design uses dual, opposed
Stirling engines to minimize potential spacecraft vibration and to provide full power in the event
that one engine fails. The Stirling system could provide the Pluto mission with a reduction of 17%
in mass and 6(Y?6 in heat source inventory compared to the RTG baseline. This design indicates
that Stirling engines are competitive on a mass basis with advanced static conversion technologies
at low power levels.
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